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© Water absorbing composite. 

© A water absorbing composite comprises en inorganic 
powder, and a highly absorbent restn covering the whole 
surfaces of the individual particles of the inorganic powder. 
The resin Is obtained by reacting wrth a basic substance a 
polymer containing as a monomelic constituent an a,P- 
unsaturated compound having in its molecule one or two 
carboxyl groups, or one or two other groups convertible to a 
carboxyl group or groups, and by crossl inking the reaction 
product wrth a polyamine. The composite is useful as a water 
retaining agent for agriculture and horticulture, or as a 
dehydrating agent for oil. 
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WATER ABSORBING COMPOSITE 
BACKGROUND OF THE INVENTION 

1. Field of the Invention ; 

This invention relates to a highly durable and 
5 h at resistant water-absorbing composite which comprises 
an inorganic powder having particle surfaces covered 
totally by a highly absorbent resin which is obtained from 
a polymer containing as a monomeric constituent an a ,3- 
unsaturated compound having in its molecule one or two 

10 carboxyl groups, or one or two other groups convertible to 
a carboxyl group or groups, by reacting the polymer with 
a basic substance and crosslinking the reaction product with 
a polyamine. The composite is useful as a water retaining, 
absorbing or stopping agent, a dehydrating agent, a drying 

15 agent, or a wetting agent. 

2. Description of the Prior Art : 

Various types of highly absorbent resins which can 
absorb several hundred times as much water as their own 
weight have recently been developed, and come to be used as 

20 a water retaining, absorbing or stopping agent, a drying 
agent or a wetting agent, or for other purposes. After 
these resins have absorbed water, however, they show some- 
times a strength too low to exhibit their capacity satis- 
factorily. Moreover, they are almost equal to water in 

25 specific gravity when they have absorbed water. If any 

such resin is, for example, used for d hydrating oil, there- 
fore, it is difficult to separate the water-bearing resin 
from the oil. In order to overcome this difficulty, 
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Japanese Laid-Op n Patent Specification No. 5022/1981, 
for example, proposes the use of a mixture of a highly 
absorbent resin powder and an organic or inorganic carrier 
which adhere to each other. The resin and the carrier, 

5 however, adhere to each other only at points of contact, 
and are very liable to separation from each other when 
their mixture is packed or transported, or mixed with any 
other material. Even if they remain adherent to each 
other on any such occasion, their points of contact are 
10 severed by the pressure created when they have absorbed 

water and become swollen. If the mixed material is, for. 
example, used with soil in agriculture or horticulture, 
the absorption of water by the resin causes it to be sepa- 
rated from the carrier, and the pressure created by the 

15 swollen resin developsopen spaces in the soil. The resin 
moves into such spaces, and is precipitated at the surface 
of the soil. The resin, thus, covers the surface of the 
soil around the roots of plants, and prevents the supply of 
sufficient air to the roots, resulting in their rotting. 

20 if any such mixed material is used for dehydrating 

oil, the absorption of water by the resin causes its sepa- 
ration from the carrier, leaving a mere mixture of the resin 
and the carrier. The resin floats in the oil, and is diffi- 
cult to separate therefrom, resulting in inefficient dehydra- 

25 tion of oil. 

In order to overcome these disadvantages, Japanese 
Laid-Open Patent Specification No. 91086/1978 proposes the 
covering or mixing of a water-insoluble .base, such as paper, 
cotton, wood, cloth, a synthetic resin, soil, metal or glass, 
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by or with a highly absorbent hydrogel composed mainly 
of th saponified product of an ethylene-vinyl ester- 
ethylene type unsaturated carboxylic acid copolymer to 
render the base capable of absorbing or retaining water. 

5 According to this patent specification, a hydrogel in the 
form of, for example, a film, fibers, beads or a fine 
powder is mixed with the base, or a water-soluble polymer 
capable of forming such a hydrogel is dissolved in water 
or the like, and mixed in the presence of a specific cross- 

1 0 linking agent, and the solution thereby obtained is coated 
on the base and dried. " These materials, however, form a 
paste with the solubilization of the resin if they retain 
water for a long time, probably because a dialdehyde, epi- 
halohydrin, diepoxy, triepoxy, diisocyanate or like com- 

15 pound is used as a crosslinking agent. Moreover, they 

lack durability under heat. It is, therefore, impossible 
to use them as a water retaining agent for agriculture or 
horticulture which is required to maintain its water absorb- 
ing power for six or twelve months or a longer time, while 

20 permitting transmission of air, 

SUMMARY OF THE INVENTION 
It is an object of this invention to provide a water 
absorbing composite comprising a highly absorbent resin and 
an inorganic powder which do not undergo separation from 

25 each other during the manufacture, mixing with any other 
material, or the use in water, oil or soil. 

It is another object of this invention to provide 
a highly durable and heat resistant water absorbing compo- 
site having a high pow r of absorbing and retaining watery 
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and capable of maintaining its water absorbing power for 
at least one year after it has absorbed water. 

It is still another object of this invention to 
provide a water absorbing composite which is suitable for 
use in agriculture and horticulture. 

According- to this invention, these objects are 
attained by a composite which comprises an inorganic powder 
whose particle surfaces are covered totally by a highly absorb- 
ent resin which is obtained from a polymer containing as a 
monomeric constituent an a,B- unsaturated compound having 
in its molecule one or two carboxyl groups, or one or two 
other groups convertible to a carboxyl group or groups, by 
reacting the polymer with a basic substance and crosslinking 
the reaction product with a polyamine. 

DETAILED DESCRIPTION OF THE INVENTION 

For the composite of this invention, it is possible to enploy the powder 

of any Inorganic insoluble or difficultly soluble in water substance such 

as white carbon, synthetic silicate white carbon, basic magnesium 
carbonate, ultrafine magnesium silicate, light or heavy 

calcium carbonate, soft or hard clay, talc, vermiculite, 
pear lite, barium sulfate (baryte) or mica. 

According to this invention, it is important that 
the absorbent resin cover the whole surfaces of the indi- 
vidual particles of the inorganic powder. If the resin in 
powdery form adheres to the surfaces of the inorganic par- 
ticles merely at points of contact, it swells with water, 
and leaves the inorganic particles when the composite has 
absorbed water. Thus, ,it is impossible to obtain the results 
expected from this invention. If the powder of the resin 
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is applied to the inorganic particles by a water-soluble 
binder , there is every likelihood, that, in most case, the 
binder may dissolve, and the resin may separate from the 
inorganic powder, or the binder may prevent the resin from 
absorbing water satisfactorily. 

If the water absorbing power of the resin is too 
small, the composite loses its water absorbing power, and 
is substantially nothing but an inorganic substance having 
a high power of absorbing water. It is only useful for a 
limited range of application s. If, on the other hand, the 
resin has too large a power of absorbing water, its strength 
is reduced when it has absorbed water, and the composite 
lacks durability. Moreover, the composite is substantially 
equal to water in specific gravity when it has absorbed water. 
Such a composite is only useful for a limited range of appli- 
cations. Therefore, it is preferable that the absorbent 
composite has the ability of absorbing 20 to 800, particularly 
50 to 500, times as much distilled water as its own weight. 
While the water absorbing power of the resin per se depends 
on that which is required of the composite, it is generally 
preferable for the resin to be capable of absorbing 20* to 
1,000, particularly 50 to 800, times as much water as its 
own weight. 

The water absorbing composite of this invention can 
be prepared by mixing an inorganic powder into a solution 
containing a hydrophilic polymer and a crosslinking agent 
which insolubilizes the polymer and converts it to a highly 
absorbent resin, and drying and heat treating the mixture. 

It is preferable to use as the hydrophilic polymer 
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for the preparation of a highly absorbent resin a polymer 
containing as a monomeric c nstituent an a ^-unsaturated 
compound having in its molecule one or two carboxyl groups, 
or one or two other groups convertible to a carboxyl group 
or groups, for example, carboxylate, carboxylic acid amide 
or imide, or carboxylic acid anhydride. The use of such 
a polymer is preferred for the preparation of a water absorb- 
ing composite which is satisfactory in water absorbing rate, 
water retaining power and durability. 

Examples of the a , ^-unsaturated compounds include 
acrylic acid, methacrylic acid, acrylic or methacrylic amide, 
maleic anhydride, maleic acid, maleamide, maleimide, itaconic 
acid, crotonic acid, fumaric acid and mesaconic acid. It 
is possible to employ another monomer copolymerizable with 
the a, B -unsaturated compound if the properties required for 
the absorbent resin are maintained. Examples of the copoly- 
merizable monomers include a- olefins, and vinyl and vinyli- 
dene compounds, such as ethylene, propylene, isobutylene, 
1-butylene, diisobutylene, methyl vinyl ether, styrene, vinyl 
acetate, acrylic and methacrylic esters, and acrylonitrile. 
In the event any such other monomer is also employed, it is 
advisable to ensure that the a, g -unsaturated compound amounts to 
at least 40 mol %, or preferably at least 50 nfol %, of the 
total quantity of the monomers. 

The polymer may be prepared by a customary method 
employing a radical polymerization catalyst. It is prefer- 
able to achieve a polymerization degree of 10 to 5,000, 
though there is no limitation in particular. 

It is particularly preferable to employ an acrylic 
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or methacrylic acid polymer, or a copolymer of an a-olefin 

or vinyl compound and maleic anhydride. It is advisable 
to improve the hydrophilic nature of any such polymer or 
copolymer by reacting it with a hydroxide, oxide or carbonate 

5 of sodium, potassium, magnesium, calcium, barium or any 
other alkali or alkaline earth metal, ammonia, amine, or 
the like. This reaction can be achieved by dissolving 
or dispersing, for example, any such alkali metal compound 
in a solvent for the polymer or copolymer, preferably water, 

10 and adding the polymer or copolymer into the solution while 
it is being stirred. It is particularly preferable to use 
sodium or potassium hydroxide, or ammonia from the standpoint 
of reactivity, and the durability of the high water absorb- 
ing power to be achieved. It is advisable from the stand- 

15 point of durability to employ any such basic substance in 
such a quantity that 40 to 100%, or preferably 50 to 80%, 
of the carboxyl group or groups in the hydrophilic polymer, 
or any other group or groups convertible to a carboxyl group 
or groups may form a salt. 

20 The following is a list of examples of the preferred 

hydrophilic polymers for use in the preparation of the\highly 
absorbent resins: 

(1) Product obtained when a maleic acid copolymer bet- . 

ween maleic acid, maleic anhydride or a maleic acid deriva- 
25 tive such as maleamide or maleimide, and a linear or branched 

a- olefin having 2 to 12, or preferably 2 to 8, carbon atoms, 
such as ethylene, propylene, butylene, isobutylene or diiso- 
butylene, is reacted with an alkali metal compound, an 
alkaline earth metal compound, ammonia or an amine; 
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(2) Product obtained when a maleic acid copolymer between 
maleic acid or a derivative thereof ,and one tfinyl or vinylidene 
compound selected from among styrene, vinyl acetate, methyl 
vinyl ether, acrylic and methacrylic esters and acrylo- 
nitrile is reacted with an alkali metal compound, an 
alkaline earth metal compound, ammonia or an amine; 

(3) Product of the reaction between an acrylic polymer 
such as an acrylic or methacrylic acid polymer, and an 
alkali metal compound, an alkaline earth metal compound, 
ammonia or an amine; and 

(4) Product obtained when an acrylic copolymer between 
acrylic or methacrylic acid and a vinyl or vinylidene com- 
pound selected from among those listed at (2) above is 
reacted with an alkali metal compound, an alkaline earth 
metal compound, ammonia or an amine. 

The product of reaction between an isobutylene- 
maleic anhydride copolymer and an alkali metal hydroxide 
is preferred from the standpoint of water absorption and 
durability. In order to achieve the objects of this inven- 
tion very easily, it is particularly preferable to employ 
an alternating isobutylene-maleic anhydride copolymer .since 
isobutylene provides two methyl side chains, while maleic 
anhydride provides two carboxylic acids, and one of the 
carboxylic acids forms a salt, while the other serves mainly 
for crosslinking purposes, because of their different disso- 
ciability, so that the former may provide water absorbing 
property, while the latter contributes to improved durability 
and heat resistance. 

The product obtained by reacting the polymer with 
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the basic substance is, then, subjected to a crosslink - 
ing reaction by a polyamine. It is possible to use any 
other crosslinking agent, such as a polyepoxy compound, 
a urea resin, a melamine resin, a polyhydric alcohol, 
5 amino -alcohol, a polyisocyanate or a polyhalohydrin. If 
any such crosslinking agent, other than a polyamine, is 
used, crosslinking is effected by ester or amide linkages 
which are liable to hydrolysis, resulting in a very' poor water absorb- 
ing composite lacking durability when it has absorbed water. 
10 . If a polyamine is employed, however, crosslinking is achieved 
by an ionic bond between the carboxyl group and the poly- 
amine, and an amide linkage formed by dehydration of the 
two functional groups, resulting in a water absorbing com- 
posite having a high degree of physical and chemical stabi- 
15 lity, and therefore, a high degree of durability. 

The polyamine which can appropriately be used in 
accordance with this invention is a .hydrophilic, or prefer- 
ably water-soluble, amine represented by the general for- 
mula HjN+CHj^CK^NH)^ H where n is an integer of at least 1. 
20 The preferred examples of the polyamines include ethylene- 
diamine, diethylenetriamine, tr iethy lenetetramine , tetfa- 
ethylenepentamine, pentaethylenehexamine, and a polyethylene- 
imine having a molecular weight not higher than 5,000. The 
polyethyleneimine may be either branched or linear. 
25 The crosslinking reaction takes place if the cross- 

linking agent is added to the reaction product of the poly- 
mer and the basic substance, or a preferably aqueous solu- 
tion thereof. It is preferable to perform drying and heat 
treatment. The crosslinking agent may be employed in a 
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quantity of less than 10 parts by weight for 100 parts 
by weight of the hydro philic polymer, depending on the 
hydrophilic polymer, the crosslinking agent, the cross- 
linking conditions, the water absorbing power of the com- 
posite to be produced, and its use. It is particularly 
preferable to employ 0.005 to 2 parts by weight of the 
crosslinking agent. 

It is preferable to manufacture the composite of 
this invention by dissolving the hydrophilic polymer in 
water or another solvent, dissolving the crosslinking agent 
in the polymer solution," and dispersing the inorganic powder 
in the solution , followed by drying and heat treatment. The 
product is, then, crushed into particles having a desired 
diameter so that it may be used for a variety of applica- 
tions. 

If too small a quantity of the hydrophilic polymer 
is employed, it is impossible to obtain a composite having 
a satisfactorily large water absorbing power. If, on the 
other hand, the quantity of the polymer is too large, there 
is obtained a composite from which the highly absorbent 
resin is separated by a shearing force when it has absorbed 
water, and which is substantially equal to water in specific 
gravity when it has absorbed water. Therefore, it is prefer 
able to employ the hydrophilic polymer in such a quantity 
that the composite may contain 3 to 500, or more preferably 
10 to 400, parts by weight of the highly absorbent resin 
for 100 parts by weight of the inorganic powder. 

The water absorbing power of the composite according 
to this invention can be varied in a wide range if the pro- 
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portions of the hydrophilic polymer , the crosslinking 
agent and the inorganic powder are appropriately controlled. 
Thus, the composite can be effectively used alone or in 
combination with soil, rubber, plastics or the like to 
form a water retaining, absorbing or stopping agent, a 
dehydrating agent, a wetting agent or a drying agent. More 
particularly, it is useful as a water retaining agent for 
agriculture and horticulture. 

The water absorbing composite of this invention 
may, for example, be used as a water retaining agent for a 
farm, a flowerpot, a seedbed, or a lawn in a park or golf 
course. In this case, it is used in the form of a dry 
powder or particles containing water, and mixed with soil 
or sand. The composite absorbs water, and retains it for 
supplying an adequate quantity of water to the roots of 
plants to promote their growth. The composite retains its 
water absorbing power for at least 12 months. 

A highly absorbent resin powder, or a mixture of 
any such powder and an inorganic substance bonded to each 
other has hitherto been used, but presented a lot of problems. 
The resin becomes soft and light by absorbing irrigation 
water or rain, and the soil particles develop gaps by absorb- 
ing water and swelling with it. The resin moves through 
those gaps, and rises to the soil surface. The resin may 
flow away on a sloping land, or cover the soil surface on 
a flat land, thereby preventing transmission of air into 
the soil, resulting in the rotting of the roots of the plants. 
These problems do not arise from the water absorbing compo- 
site of this invention. 
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It is possible to use the water absorbing compo- 
site of this invention by burying seeds or roots of a 
plant therein. The composite of this invention is also 
expected to be a useful water retaining agent for tree 
5 planting in a sandy place, such as a desert. 

The water absorbing agent of this invention is par- 
ticularly useful as a water retaining agent for agriculture 
and horticulture, as hereinabove described. It can, how- 
ever, be also used as a dehydrating agent for removing water 

10 from an organic solvent or oil, or as a water stopping agent 
for a sandbag. Although a mere highly absorbent resin 
powder is difficult to separate from an organic solvent or 
oil by reason, of floating therein when it has absorbed water, the 
composite of this invention which has absorbed water can be 

15 easily separated from an organic solvent or oil, since there 
is a great difference in specific gravity between the com- 
posite and the solvent or oil. When the composite of this 
invention is used as a water stopping agent, it may be mixed 
into the sand in sandbags used against a flood. Even if 

20 the quantity of the composite is insufficient, it closes 
the gaps around the sand particles upon absorbing water- to 
thereby exhibit its water stopping function. 

The invention will now be described more specifi- 
cally with reference to several non-limitative examples 
25 thereof, in which "parts" are shown "by weight", unless 
otherwise noted. 

EXAMPLE 1 

A .uniform aqueous solution of a sodium salt of an 
isobutylene-maleic anhydride copolymer was prepared by stir- 
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ring at a temperature of 80°C 100 parts of an alternating 
isobutylene-maleic anhydride copolymer having a molar ratio 
of isobutylene to maleic anhydride of 1 : 1 , and a 
molecular weight of about 160,000 (ISOBAN-10 of KURARAY 
5 ISOPRENE CHEMICAL CO., LTD., Japan), 32 parts of sodium 
hydroxide, which quantity was required to form a salt from 
about 60 mol % of the carboxyl groups based on maleic an- 
hydride, and 500 parts of water. A polyethyleneimine having 
a molecular weight of 1 ,200 (SP-012 of JAPAN CATALYTIC CHEMICAL INDUSTRY 

10 .CO., LTD. , Japan) was added into the aqueous solution to 

produce a highly absorbent resin capable of absorbing about 
14 0 times as much water as its own weight after drying and 
heat treatment. The quantity of the polyethyleneimine is 
shown in TABLE 1. Then, kaolin (NN KAOLIN of TSUCHIYA 

15 KAOLIN INDUSTRIAL CO., LTD., Japan), of which the quantity 

is shown in TABLE 1, was put into the solution. The result- 
ing mixture was dried on an iron plate at about 120°C, and 
heat treated in a hot air drier at 160° C for 16 hours. The 
product was crushed into particles capable of passing entirely 

20 through a 20-mesh wire net to yield a powdery water absorb- 
ing composite, " \ : 

One gram of the composite and 1,000 g of distilled 
water were placed in a one-liter beaker, and the beaker was 
left at rest for two hours. The resulting dispersion was 
25 subjected to filtration by a 200-mesh nylon cloth. The 
weight of the water-bearing composite thus separated was 
measured to determine the water absorbing power of the com- 
posite. The results are shown in TABLE 1. TABLE 1 also 
shows the water absorbing power of the highly absorbent resin 
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employed to cover the inorganic powder. 

TABLE 1 

Sample Kaolin Isobutyl- Poly ethyl- Water Water absorb- 
No. (parts) ene-roaleic eneimine absorbing ing power of 

anhydride (% of the power of highly absorb- 
copolymer copolymer) composite ent resin 

(parts) (times) (times) 



1 0 100 0.45 - 150 

2 100 50 0.72 54 145 

3 ,r 100 0.60 71 132 

4 " 200 0.52 96 137 

5 " 300 0.49 109 140 

6 w 400 0.48 118 143 

7 ■ 500 0.47 116 136 

8 n 600 0.46 121 138 



A dispersion containing 1 g of Sample No. 4 com- 
posite in 250 g of water was sealed in a container against 
vaporization, and the container was immersed in a tempera- 
ture controlled bath having a constant temperature of 70° C. 
This test was conducted to see how the water-bearing com- 
posite would change under heat. It did not undergo any 
change after 90 days, nor did its water absorbing power 
change appreciably. it was confirmed that the water-bearing 
composite was excellent in durability at an elevated tempera- 
ture. 

Sample No. 4 was left in a bath of air at 180°C for 
30 hours, and its water absorbing power and heat resistance 
were examined. Its water absorbing power of 95 times did 
not indicate any appreciable change, and its heat resistance 
was found excellent. 
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USE EXAMPLE 1 0072569 

(As a Water Retaining Agent for 

Agriculture and Horticulture) 

Two parts of Sample No. 2 obtained in EXAMPLE 1 
5 were mixed carefully with 500 parts of Kanuma soil (soil 
obtained in or about the city of Kanuma, Tochigi Pref., 
Japan, and draining well) to prepare soil A for growing 
sunflowers. For comparison purposes, soil B was prepared 
by mixing two parts of Sample No. 1 (highly absorbent resin) 
obtained in EXAMPLE 1, and 500 parts of Kanuma soil, and 
soil C was prepared from' Kanuma soil alone. 

Five hundred grams of each soil were placed in a 
one-liter transparent cylindrical container, and sunflower 
seeds were planted in the soil. Water was supplied when- 

15 

ever the bottom of each container had lost water. The 
germination ratio of sunflowers, and the degree of their 
growth were examined. The height of sunflowers was measured 
after one month of germination, and their height again and 
their root weight ratio after two months. The results are 
20 shown in TABLE 2. 

TA13LE 2 

Soil Germination Degree of Growth 

rafcito*! Height after Height after Root weight ratio* 2 
one month two months after two months 

25 A 25/25 16 cm 21 cm 0.28 

B* 3 23/2 5 12 cm 14 cm 0.22 

C 19/25 9 cm 13 cm 0.22 

m Note: *1 - Number of seeds germinated/number of seeds 
planted? 

30 *2 - Root weight/whole weight; and 
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*3 - As time passed by, the water-bearing 
resin rose to the soil surface, and 
covered it around the roots. 
As is obvious from TABLE 2, soil A containing the 
water absorbing composite of this invention showed an ex- 
tremely high germination ratio of sunflowers/ and a markedly 
higher degree of sunflower growth than any other soil. Soil 
B containing the highly absorbent resin per se showed a high 
germination ratio, but a degree of growth hardly differing 
from that achieved by soil C consisting solely of Kanuma 
soil. This was apparently due to the prevention of air 
permeation into the soil around the roots by the water- 
bearing resin which had risen to the soil surface and covered 
the soil surface around the roots with the lapse of time. 
Similar tests were repeated by supplying a constant quantity 
of water every day. Substantially the same results were 
obtained for the gemination ratio, but the majority of the 
sunflowers in soil B had rotten roots within one month of 
germination, while the sunflowers grown in soil A did not 
have any rotten root. 

USE EXAMPLE 2 
(As a Dehydrating Agent for an 
Organic Solvent) 
The dehydrating power of Sample No. 2 was examined. 
A transparent cylindrical column having a diameter of 5 cm 
was filled with 100 g of Sample No. 2 obtained in EXAMPLE 1, 
and a paint thinner comprising a mixture of 70% of toluene ,5% 
of methyl isobutyl ketcn, 5% of acetone, 5% of methyl alcohol, 
5% of butyl alcohol and 10% .of ethyl acetate, and having a 



10 



15 



20 



25 



30 



- 17 - 

0072569 

water content of 1.0% was introduced into the column through 
its top at a rate of 46 ml per minute, and removed through its .bottan.The 
water content of the thinner was examined after 60 minutes, 
and the condition of the composite in the column was also 
checked. 

For comparison purposes, similar tests were con- 
ducted on Sample No. 1 (highly absorbent resin) , and a 
clay-resin mixture prepared by mixing 100 parts of clay 
into 50 parts of Sample No. 1 resin in an aqueous/alcoholic 
solution of polyvinyl alcohol, heating the mixture and bond- 
ing the clay and the resin together with an adhesive. 

The results are shown in TABLE 3. 
TABLE 3 



Dehydrating Water content 
agent of thinner 

after 60 min. 
(%) 



Condition of dehydrating 
agent in column 



Composite 



0.15 



Resin 



0.22 



Clay-resin 
mixture 



No change was observed after four 
liters of the thinner had been 
introduced (i.e., after 100 min.). 
The thinner showed a water content 
of 0.20% at that time. 

A part of the resin swelled with 
water, and clogged the column after 
1.6 liters of the thinner had been 
introduced (i.e., after 40 min.).. 

Partial separation of the clay from 
the resin occurred, and the thinner 
became turbid. A low rate of 
water absorption. 

* After 40 minutes, the column was stirred for the 
continued thinner introduction, and examination of 
its water content. The other dehydrating agents 
were not stirred, but kept at rest. 
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COMPARATIVE EXAMPLE 1 
Glycerol diglycidyl ether having an epoxy equi- 
valent of 145 was add d as a crosslinking agent into the 
aqueous solution of the sodium salt of the isobutylene- 
maleic anhydride copolymer prepared in EXAMPLE 1, in a 
quantity of 1.47% by weight based on the copolymer weight. 
Kaolin was mixed into the solution in the quantity of 100 
parts for 200 parts of the copolymer. Then, the procedures 
of EXAMPLE 1 were repeated to prepare a water absorbing 
composite. 

Several other water absorbing composites were like- 
wise prepared by employing polyvinyl alcohol/ ethylene glycol, 
3-hydroxypropylamine, tolylene diisocyanate and ethylene 
glycol dihalohydrin each in the quantity shown in TABLE 4, 
instead of glycerol diglycidyl ether* 

A mixture containing 1 g of each of these compo- 
sites in 250 g of water was sealed in a container against 
vaporization, and the container was left at ordinary room 
temperature, and also immersed in a bath maintained at a 
constant temperature of 70°C* Thus, each water-bearing 
composite was checked for any change in shape with the.lapse 
of time at ordinary room temperature and at an elevated tem- 
perature, and the time which had passed before the resin 
in the composite started to be wholly or partially dissolved 
was examined. The results are shown in TABLE 4. A simi- 
lar test was also conducted on Sample No. 4 of EXAMPLE 1 
obtained by employing polyethyleneimine as a crosslinking 
agent. 
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Crosslink- Its quan- Water absorb- Dissolution of . Remarks 
ing agent tity (wt. ing power of resin in composite 

% of co- composite At ordinary At 
polymer) (times) room temp, 70°C 



Polyethyl- 0.52 
eneimine 



Glycerol 1.47 
dig lyc idyl 
ether 

Polyvinyl 1.20 
alcohol 



3 -Hydroxy- 1.05 
•propylamine 

Toluidine 2.40 
diisocyanate 

Ethylene 1.78 
glycol 
dichloro- 
hy drin 



96 



89 



106 



92 



83 



75 



None for a None for two *1 
year. months. 

Partly after After seven 
three months. days. 

Partly after After ten 
two months. days. 



After 15 
days. 

After two 
months . 

After one 
month. 



After two 
days. 

After seven 
days. 

After four 
days . 



*1 - Sample No. 4 of EXAMPLE 1. 
COMPARATIVE EXAMPLE 2 

Mixtures of barium sulfate and a highly absorbent 
resin were prepared by mixing 100 parts each of a commercially 
available highly absorbent starch resin having a water absorb- 
ing power of 350 times (SAN WET 1M-300 of SANYO CHEMICAL- 
INDUSTRIAL CO., LTD., Japan), or a highly absorbent resin 
composed of a saponified vinyl ester-acrylic acid copolymer 
having a water absorbing power of 400 times (SUMIKAGEL of 
SUMITOMO CHEMICAL INDUSTRIAL CO., LTD., Japan) with 100 parts 
of barium sulfate powder, and bonding the resin and the sul- 
fate powder together employing an ethyl acetate solution of 
polyvinyl acetate as a binder. The former mixture contain- 
ing SUNWET showed a water absorbing power of 105 times, while 
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the latter containing SUMIKAGEL exhibited a water absorb- 
ing power of 120 times. In other words, the latter mix- 
ture could absorb 120 times as much water as its own weight. 
These mixtures were left in water at ordinary room 
5 temperature. The resin in the former mixture was partially 
dissolved after three months, while the resin in the latter 
mixture was dissolved after 20 days. 

EXAMPLE 2 

One hundred parts of sodium polyacrylate (ARONBIS S 
10 of JAPAN PURE MEDICINE CO., LTD., Japan) were dissolved in 
300 parts of water, and 0.6 part of the same polyethylene- 
imine as had been used in EXAMPLE 1 was added into the solu- 
tion,. Then, 100 parts of barium sulfate (i.e., the same 
quantity as that of sodium polyacrylate) were mixed into the 
15 solution. The procedures of EXAMPLE 1 were thereafter re- 
peated to prepare a water absorbing composite. It showed 
a power of absorbing 110 times as much as water as its own 
weight. 

One gram of the composite was put in a 200-ml beaker, 
20 and 100 ml of water were introduced thereinto, so that the 
composite might absorb water. Then, the water-bearing '.-com- 
posite was placed in a hot air drier having a temperature 
of 40 °C so that water might be vaporized. This sequence 
of water absorption and desorption was repeated 20 times. 
25 The composite thereafter showed a nearly equal water absorb- 
ing power of 106 times, and was found excellent in durability. 
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WHAT IS CLAIMED IS: 
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1. A water absorbing composite comprising: 
a water-insoluble inorganic powder; and 

a highly absorbent resin covering the whole sur- 
5 faces of the individual particles of said powder / said 
resin being obtained by reacting with a basic substance 
a polymer containing as a monomeric constituent at least 
40 mol % of an a ,B- unsaturated compound having in its 
molecule one or two carboxyl groups, or one or two other 
10 groups convertible to a carboxyl group or groups , and by 
crosslinking the reaction product with a polyamine. 

2. A composite as set forth in claim 1, wherein said 
inorganic powder is the powder of at least one inorganic 
substance selected from the group consisting of white carbon, 

15 magnesium carbonate, magnesium silicate, calcium carbonate, 
clay, talc, vermiculite, pearlite, barium sulfate and mica. 

3. A composite as set forth in claim 1, wherein said 
polymer is a maleic acid copolymer, especially 

a copolymer of an a-olefin and maleic anhydride, or an alter- 
20 nating copolymer of isobutylene and maleic anhydride ; 

4. A composite as set forth in claim 3, wherein said 
copolymer is a maleic acid copolymer composed of at least one 
kind of monomer selected from the group consisting of styrene, 
vinyl acetate, methyl vinyl ether, acrylic ester, meth- 

25 acrylic ester and acrylonitrile, and maleic anhydride. 
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5. A composite as set forth in claim 1 , wherein said 
polymer is an acrylic polymer, especially a polyacrylic 
acid. 

6. A composite as set forth in any of the claims 1 
to 5, wherein said basic substance is an alkali metal 
hydroxide . 

7 . A composite as set forth in claim 3 or 7, wherein 
said polyamine is an amine of the general formula: 

H^N{CH -CH -NH*- H 
where n is an integer of at least 1. 

8 A composite as set forth in claim 1 # wherein 
said highly absorbent resin has a power of absorbing 
from 20 to 1,000 times of its own weight, especially from 
20 to 800 times of its own weight, 

A composite as set forth in claim 1, wherein 
the said composite contains from 3 to 500 parts by weight 
of the highly absorbent resin for 100 parts by weight of 
the inorganic powder. 

10. A composite as set forth in claim 1, wherein a 
substantially equal water absorbing power is maintained 
for at least twelve months at a temperature of 70°C when 
said composite has absorbed water. 
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11. The use of a composite according to any of the 

claims 1 to 10 as water retaining agent for agriculture 
and horticulture or as a dehydrating agent for oil. 



